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Abstract: A full-solid-angle (FSA) scanning planar phased array is proposed in this paper. 
The identical array element is consisting of two identical back-to-back microstrip antennas, 
which can be controlled independently by a power control unit. To verify the proposed 
principle, a 4 x 4 elements planar array is designed and simulated. The simulated results 
demonstrate that the main beam of the array can cover the full-solid-angle with gain 
fluctuation less than 3 dB and the side lobe level is kept less than -8dB compared with the 
main lobe of the same scanning state. 

Phased arrays are extensively applied in radar and wireless communication systems for 
their significant advantages of flexible beam scanning, convenient beam controlling and 
energy management. Wide-angle scanning, as one of the most important characteristics of 
phased arrays, is frequently needed in these applications [1]. Generally, the scanning range of 
a traditional passive planar phased array is limited by the beamwidth of its element and is 
about -55° to 55° [2], which cannot meet the requirements in some applications. Techniques, 
such as employing wide-beam elements or pattern reconfigurable antennas have been 
developed to extend the scanning angle [3]-[6]. There is no any report about FSA scanning 
planar phased arrays so far. 

Based on the theory of array, the radiation pattern of a planar array is obtained by 
multiplying its array factor by the radiation pattern of array element, processing broad 
beamwidths is the essential require for the elements of an array to realize wide-angle scanning. 
Although employing an ideal isotropic element is a natural choice, the nonexistence of ideal 
isotropic element makes it impossible to realize FSA scanning. 

In this paper, a novel radiation element composed of two back to back microstrip antennas 
and a power control unit is proposed. The power control unit is employed to make the 
radiation element working at four different modes. As example, a 4 xX 4 elements planar 
array is designed by means of the proposed radiation element. Simulated results reveal that 
the present design can achieve a FSA scanning. 
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Wide-angle scanning, as one of the most important 
characteristics of phased arrays, is frequently needed in 5 
Generation communication base station and so on. 





Fig.l. 5 Generation communication base station with wide angle scanning 
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CiEmploying wide-beam elements 
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Fig.2 Meander line antenna array with Fig.3 microstrip magnetic dipole yagi 
scanning angle from-65° to +65° [1] sub-array antenna array with scanning 
angle from-78° to +77° [2] 


[1]Beenamole, K. S., et al. "Resonant microstrip meander line antenna element for wide scan angle active phased array antennas", 
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Fig.4 Pattern reconfigurable elements Fig.5 Pattern reconfigurable elements 
array with scanning angle from-68° to array with scanning angle from-75° to 
+68° [3] +75° [4] 


[3]Bai, Yan-Ying, et al. “Wide-angle scanning phased array with pattern reconfigurable elements." IEEE Transactions on Antennas and 
Propagation, vol. 59, no. 11, pp. 4071-4076, 2011. 

[4|Ding, Xiao, Bing-Zhong Wang, and Guo-Qiang He. "Research on a millimeter-wave phased array with wide-angle scanning 
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Reality Is that : 
the ideal isotropic element is 
nonexistent ! 





The blind 
angle of res. 
radiation 





"Every smooth vector field on a sphere has a 
singular point.**----Cite from Wikipedia 
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Fig.6 Radiation pattern with blind angle 
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Thus, for covering the full-solid-angle, multi-modes of the radiation 
element are applied. The conceptual structure is shown bellow. 





Table I. Different Switch States and Phase Difference 
Antemnad Combinations of the Array Element and Associated working Modes 
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By controlling the switches and the one-bit phase shifter, 4 working 





modes of the array element are achieved. 
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The practical structure proposed Is shown bellow. 


Patch 








d ae , 
The radiation element contains 


two mated back-to-back 

microstrip antennas and a 

power control unit . 

e Microstrip antenna is chosen 
here for the array flat and 
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& low-profile. 
e The power control unit has 
X Y Power control unit more complicated structure 
than the logical one for 
Fig.8 Proposed array element structure realizing the four mode 
efficiently and well-matched 
eA in high frequency circuit 
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By controlling the switches, both the 
power distribution and phase shift can 


be achieved. 
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Fig.9 The details of the power control unit 









Mode I Mode II 
Mode III Mode IV 


Table Il. Switches states in different mode 


I 
I 
Hl 
IV 


2 1 on off 2 2 
2 2 off on 2 2 
1 
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The radiation patterns of diverse state covers the full-solid-angle 
together with fluctuation less than 3dB. 
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According to the patterns, the full-solid-angle space is divided into four 
Sub-spaces which ranges is shown in Fig.10 and Table Ill. 





Table HI. Whole Space Division and Corresponding 
Sub-space Range 


Sub-spaces The space range 


{00o < 0 < T — 0o} & 
{p|—45° < @ < 45°or 135° < p < 225°} 
{0| < 0 < T — 0o} & 

{p|45° < p < 135° or 225° < p < 315°} 
{0|0 < 8o} & {øl0 < p < 360} 
{010 > nm — 0} & {l0 < p < 360} 










x 
Fig.10 Schematic of four divided 
sub-spaces of whole space. 
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To verify the proposed principle, a 4x4 array is designed as an example. 
The simulated model is shown in Fig. 11. 





e The distance between 
array elements p is 4/mm, 
corresponding to 0.3755. 

e [he excitation phases 
scheme of the elements 
follows the principle that 
the radiation fields of 
every element should be 

x phase coincidence in the 

direction to be scanned. 

















































































































Fig.11 The simulation model of the 4X 4 Elements 
FSA Scanning Planar Phased array. 
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> The scanning in Sub-space II and Sub-space IV: the same as a typical 
planar array. 
e Covers the elevation angle range from —55° to 55° and 125° to 235°. 


> The scanning in Sub-space I and Sub-space II: the main beam of the array 
can scan the whole azimuth plane. 
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Fig. 12. Calculated radiation Directivities of an 4 x 4 array at different mode. 
*This use of this work is restricted solely for academic purposes. The author of this work owns the copyright and no 
reproduction in any form is permitted without written permission by the author. * 


ae a ee $ 


Jniversity of Science and Technology of China 
















9 9 
6 6 
3 300 / Aubespace I or, 

: 0 TEUR Ils 
0 a 
27 -9 270 ? < |90 
: -3 OY 
0 o | Scanning angle FL À 
3 3 || 0,180 
6 g || 22.5,157.5,202.5,337.5 

JaA A i — 45,135,225,315 XQ 
9 da —— 67.5,112.5,247.5,292.5 

z 180 
Phi (deg) 


Theta (deg) 
(a) b) 


Fig. 13 The scanning patterns of the 4 x 4 array in Mode I and Mode II. (a) Top view; (b) Side view. 


Therefore, the p phased array with the above elements realizes a FSA scanning! 
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> A novel radiation element is proposed whose 3- 
_dB beamwidth radiation can cover the whole 
a ace by different mode. 

- > Then, a 4X4 elements planar array is designed 
by the method of using the present element to 
provide a unit radiation. 

> Finally, simulated results demonstrate that the 
FSA scanning can be realized by the present 
planar array. 
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